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2 1. Title of the Invention 

3 Dry Etching Meihod 

4 2. WHAT IS CLAIMED IS: 



I . . A dry «ching method characterized the fact that a gas containing halogen inside a vacuum 
chamber :>nd a gas which causes a thin film to be formed on a surface of a material to be processed are 
alternately guided over time, chemical processing is done in the guided gas or an excited gas plasma and a 
thin film is formed on a surface of a material to be processed; and in this method, the gas which causes said 
9 thin film to be formed is either one or eke two or more types of a carbon compound based gas, an oxygen 
1 0 compound based gas and a silicon compound based base. 

2. A dry etching method recited in Claim 1 of the Specification which is characterized by the fact 

12 that said carbon compound based gas is one of CO, (tetrachloromethane), CH,F (fluoromethane), CH : F, 

1 3 (difluoromcthane), C,F 6 (taexafluoroethane), C,F» (perfluoropropane), C,F, [subscript illegible] 

14 (perfluorubutylene), CH, (methane), C : H 4 (ethylene), CC1F, (chlorotrifluoromethane), CCUF, 

15 (dichlorodiflnoromethane), C^F, (tricWorerrifluoroethane), (dicUorotetrafluoroethane), and CX1F 3 

16 (cMoropentafluoroethane); said oxygen compound based gas is one of O, (oxygen) and H 2 0 (water vapor); 

17 and said .silicon compound based gas is one of SiH 4 (silane), Si,H 6 (disilanc), SiHXl, (dichlorosilane), SiHCl, 

1 8 (trichlorosilanc), SiCl, (terrachlorosilane) and tetrafluorosilane (SiF,). [Note: many of the formulas 

1 9 throughout the patent copy have illegible subscripts; whenever possible, the subscript numerals were 

20 reconstructed from the spelled out chemical name or context.] 

21 3. Detailed Description of the Invention 

22 [Field of Industrial Utilization) 

23 The present invention relates to a dry etching method, and in particular relates to a dry etching 

24 method which is favorable for preventing side etching when a thin film is formed on the surface of a material. 

25 [Prior Ait] 

26. For a method to provide improvement in the dimension precision in dry etching, there was a 

27 conventional method where two or more types of gases are simultaneously guided into a vacuum chamber 
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1 such as i-s recited in pages 235 to 242 in Solid State Technology, 1984. More specifically, there was a method 

2 where the control of the etching form, particularly the control of the side etching, was performed when 

3 forming » gate (also referred to as a polycide gate) comprising a two-layer film of W (tungsten) silicide and 

4 polysilicon in a plasma of a mixed gas of the two types SF 6 (sulfur hexafluoride) and CC1F 5 (a type of 

5 hydrocarbon ftuorochloro substitute whose chemical name is chloropentafluoroethane and which is referred 

6 to by its trademark name freon-1 15) with dry etching. Etching is possible with either W silicide or polysilicon 

7 in a SF 6 :;ingle gas plasma; however, there was a drawback in that the amount of side etching was extremely 

8 large with a single gas. Thus, in the. example cited above, C : C1F 5 was used as a mixed gas to control side 

9 etching and by optimizing the ratio of SF 6 and QClFj, the amount of side etching of the W silicide or 

10 polysilicon was decreased. The reason for the decrease in the amount of side etching in this case is believed to 

1 1 be that carbon compound based polymers are readily produced in a CjClF, plasma gas, so [sic] these 

12 polymers adhere to the side walls of the pattern, working as a side wall protective film that prevents side 

13 etching. 

14 [Problems the Invention arc Intended to Solve] 

1 5 However, etching using a gas mixture method such as that mentioned above has problems such as 

1 6 the following. First, the plasma reactions due to the two types of gas proceed simultaneously, so the reactions 

17 are complex and difficult to control. Accordingly, time is required to optimize the etching conditions. Second, 

1 8 there is the problem that due to the mutual interactions of the two types of gases, adverse effects commonly 

1 9 occur such as a drop in the selectivity and etching rate compared to the case of a single etching gas. 

20 The object of the present invention is to offer a high precision dry etching method by which it is 

21 possible to decrease side etching and which solves problems such as those mentioned above. 

22 [Means to Solve the Problems] 

23 Said object is achieved by using a dry etching method in which a gas is used containing either one or 

24 else two or more types of carbon compound based gases, oxygen compound based gases and silicon 

25 compound based gases as gases to cause a thin film to form on the surface of a material to be processed, this 

26 and a gas containing halogen element are alternately supplied in time allocations inside a vacuum processing 

27 chamber, and the surface of the material to be processed is chemically processed with the gas plasmas. 

28 More specifically, an etching gas such as SF^ for example, and a gas used for polymer film 

29 formation such as CC1, (tetrachlorometbane), for example, are alternately supplied inside a vacuum 
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1 processing chamber and changed into a plasma t and etching using the SF 6 plasma and formation of a polymer 

2 film on the surface of the film to be processed using CO, plasma are performed alternately. 

3 In order to exchange the gases with good efficiency in a short time, a pump with a fast exhaust rate 

4 is favorable. Of course, even if the exhaust rate of the pump is slow, a method is possible wherein when the 

5 gases an: exchanged, the plasma discharge is stopped once, the gases are substituted} and discharge is begun 

6 again, but such a case is inexpedient because the etching time becomes remarkably long. Rather than an 

7 excitation etching device with a high RF (radio frequency) and a processing gas pressure of some tens to 

8 some hundreds of mTorr, a microwave excited plasma etching device with a small gas processing pressure of 

9 around 1 0 - * ro 10 J Torr is more appropriate as an etching device. The reason for that is that etching and 
10 plasma discharge can be performed stably with a low gas pressure, and the exchange of gases can be 

1 L performed in a short time, within several seconds at the most. 

12 (Effects] 

13 By using the above method, anisotropic etching can be achieved in which the amount of side etching 

14 is small due to the following reason. A carbon based polymer film is formed on the surface of the material to 

15 be processed which is exposed to CC1 4 plasma. Next, when the gas is switched from CC1« to SF 6 , the etching 

1 6 begins, but the polymer film is removed from only the flat portions of the material to be processed that is 
irradiated with ions, and etching proceeds in the depth direction. Ions do not readily irradiate on the side wall 
of a patieru, so a deposited polymer film remains during the etching cycle, working as a side wall protective 

19 film that prevents side etching in the side wall of the pattern. By repeating such a polymer deposit film 

20 formation cycle and etching cycle several times for a short period each time, anisottopic etching can be 

2 1 achieved with a small amount of side etching. 

22 [Embodiments of the Invention] 

23 Embodiments of the present invention are described below. 

24 Embodiment 1 

25 Si (silicon) substrate surface etching was performed with a gas chopping method wherein SF a is used 

26 as an etching gas and CC1 4 is used for pattern side wall protective film formation, and the gases are supplied 

27 alternately with time allocations. A microwave plasma etching device indicated in Fig. 1 was used as an 

28 etching device. In Fig. 1, 1 indicates a microwave oscillator; 2 indicates a power source for the microwave 

29 oscillator; 3 indicates a wave guide tube; 4 indicates a discharge tube; 5 indicates an electromagnet; 6 
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indicates a vacuum chamber; 7 indicates piping, 8 indicates a gas flow volume adjustment valve; 9 urates a 
*nk comprising *. gas source; 10 indicates a sample; 1 1 indicates a sample plate; 12 indicates a permanent 
magnet for forming a minor magnetic field with elcctmmagnet 5; and 13 indicates a confer. All gas flow 
volumes we 10 to 20 cc/min, and the discharge pressure was made 1 x 10* to 3 * 10' Ton. SF 6 and CCL. 
were supplied alternately to the processing chamber in 10-second inu^s and changed to plasma; & etchtng 
using the SF 4 plasma and depositing of the carbon compound film onto the Si surface by the CC1 4 plasma 
were repeated. In order to remove the deposited film on the flat portions in a short rime, 5-second RF b«s 
8 was applied to the sample in the SF« cycles. 

I?*. 2 indicates me results of controlling the side etching. Compared to me case of etching with only 
SF 6 , the amount of side etching was extremely small in the case of gas chopping wherein SF 6 and CCL. were 

1 1 supplied alternately. It was verified using XPS (X-ray photoelectron spectroscopy) analysis that film whose 

12 main components were C and CI was formed on the Si surface in the CO, plasma. The amount of side 

13 etching was decreased m one-fifth or less, as indicated in Fig. 2, by the deposited film protecting the side 

14 walls of the Si pattern during etching. 

15 It was found that forming a carbon compound based protective film is possible with CH 3 F 

16 (fluoromcmane), CH.F^difluoromethane), C.F, (hexaflubroethane), C,F, (perfluoropropane), C.F, [subscript 
illegible] (perfluorobutylene), CH. (methane), C,H. (ethylene). CCIF, (chlorotrifluoromcthane), CCLF, 
(dicblorodifluoromethane). CCl.F, (trichlorotrifluoroethane), ^ (dichlorotetrafluoroethane). and C.C1F, 
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1 o (chloroptmtafluoroethane) as well as CC1*. 
20 Embodiment 2 



A gas chopping method was carried out using O, (oxygen) in place of the CCL. in Embodiment 1 . In 
this case, in order for the Si pattern side walls to oxide in the O, plasma, the Si oxide film worked as a side 

23 wall protective film, and the amount of side etching decreased to 0.05 urn or less. It was found that an oxygen 

24 compound based protective film can be formed with H,0 (water) as well as 0 2 . 



21 
22 



25 Embodiment 3 



A gas chopping method whs earned out using a mixed gas of 02 and SiF. (tetrafluorosilane) in place 
of the CC\, in Embodiment 1 . The material to be processed was W. A silicon oxide film was formed on the 
surface of W with a gas plasma mixed of SiF a and O s . It was found that silicon oxide film has an effect of a 
29 protective film which decreases side etching- It was found that fomung a silicon compound based protective 
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1 film is possible with Si.H, (disilane), SiH 2 Cl 2 (dichlorosilane), SiHCl, (trichlorosilanc) and SiCI 4 

2 (tetrachlorosilanc) as well as Sif 

3 Jn the above' Embodiments 1 to 3, a gas chopping method was used wherein a gas for protective film 

4 formation and a gas for etching were alternately supplied, but it is possible to form a protective film if the 

5 rimes for supplying the gas for protective film formatioo and the gas for etching arc partially overlapping, in 

6 other words, if there axe periods where the two types of gas are guided simultaneously. However, in this case, 

7 the efficiency of the film formation is lower than in the case of the gas chopping method, and further, the 

8 degradation of characteristics such as the etching selectivity and the etching rate was remarkable. 

9 The dry etching device used in Embodiments 1 to 3 was a microwave plasma etching device, but the 

10 side etch control effects with a gas chopping method aTe similar with an RF discharge reactive plasma etching 

1 1 device as well. However, in the case of an RF discharge type device, the processing gas pressure is some tens 

12 to some hundreds of mTorr higher, so there is a problem in that time is required to exchange the gases. It is 

13 necessary to use a method in which the discharge is stopped once at the point of gas switching- 

14 Kn Embodiment 1 , Si etching is possible with CC1« alone. In this case, when Si is etched, carbon 

1 5 compound may deposit on the Si surface depending on the CC1 4 plasma production conditions. For example, 

16 with the [jas pressure at 0.5 x 10* Torr, etching occurred, and at 5 x 10 1 ' Torr, film was deposited. By 

1 7 switching, these two conditions with time allocations, it was possible to perform anisotropic etching while 

18 repeatedly alternating the etching and side wall protective film formation. However, in this case, there was a 

1 9 throughput problem in that the Si etching rate was decreased to approximately one-tenth of that in the case 

20 where SF 6 was used as the gas for etching. Also, even with a method wherein a bias applied to the sample was 

21 switched to small and large time allocation conditions, it was possible to obtain effects similar to those with 

22 the gas pressure switching mentioned above. 

23 Further, it was found that when CF 4 (tetrafluoride) was used for the gas for film formation in Al 

24 (aluminum) dry etching using BC1, (boron trichloride), the aluminum fluoride worked as a protective film 

25 that controlled side etching. 

26 [Effects of the Invention] 

27 As described above, according to the present invention, anisotropy can readily be achieved in dry 

28 etching, fine processing precision is improved, and contributions can be made to LSI (large scale integration) 
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1 and VLSI high integration. It was confirmed that the amount of side etching can be decreased to 0.05 um or 

2 less in silicon or tungsten etching in which the present invention is adopted. 

3 1^ Brief Description of the Figures 
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Fig. I is a drawing showing one example of an etching device used in an embodiment of the method 
of the present invention; Fig. 2 is a drawing showing the effects of the present invention with the amount of 
side etciiing. 



description of the Symbols^ 
1 .... microwave oscillator 
4.... discharge tube 
6.... vacuum chamber 
8 .... gas flow volume adjustment valve 
10.. sample 

12.. permanent magnet 



3 .... wave guide tube 

5 .... electromagnet 

7. ...piping 

9. ...tank 

H ..sample plate 



Representative Junnosuke Nakamura, Patent Attorney 



[Figures] 
Ffg.l 

[2] powtf source for microwave oscillator 
[13] controller 



1 ....microwave oscillator 
3 .... wave guide tube 
. discharge tube 
. electromagnet 
.vacuum chamber 



8.... gas flow volume adjustment valve 
9.... tank 
10.. sample 
1 1 sample plate 
12.. permanent magnet 



• piping 



Fig. 2 

[x-axis] Etching time (min) 

[y-axis] Amount of side etching (urn) 
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[upper line] Only SF 6 guided 

[lower lifl.e] SF 6 and CC1 4 alternately guided 
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